Abstract Water resource problems, one of the most important environmental and socio-economic issues, have been a common concern worldwide in recent years. Water resource risks are attracting more and more attention from the international community and national governments. Given the current situations of water resources and the water environment, and the characteristics of water resources management and information statistics of China, this paper establishes an index system for water risk assessment in river basins of China based on the index system of water risk assessment proposed by the World Wide Fund For Nature (WWF) and German Investment and Development Co., Ltd (DEG). The new system is more suitable for Chinese national conditions and endorses the international assessment index. A variety of factors are considered to determine the critical values of classification for each index, and the indexes are graded by means of 5-grade and 5-score scales; the weights and calculation methods of some indexes are adjusted, with the remaining indexes adopting the method of WWF. The Weighted Comprehensive Index Summation Process is adopted to calculate the integrated assessment score of the river basin. The method is applied to the Haihe River basin in China. The assessment shows that the method can accurately reflect the water risk level of different river basins. Finally, the paper discusses the continuing problems in water risk assessment and points out the research required to provide a reference for further study in this field.
INTRODUCTION
Being a fundamental natural resource and strategic economic resource, intensive and relentless exploitation of water resources has resulted in a series of issues which directly affect socioeconomic development and the ecological environment balance. The water resources crisis is an unavoidable challenge in the water shortage countries, including China. The status of water resources in China is not optimistic; the problems of water shortage and water pollution erupted fiercely in the last decade, water quality and water quantity are both deep in crisis. Implementing risk management of water resources aims to improve the management level of water resources, the effective ways and development trends to deal with the problem. Therefore, the key point is to find a method for evaluating the water risk to economic society and to establish development plans to maintain sustainable water resources development and ecological protection.
International research on risk problems started during the 1930s-1940s. In the 1950s, the United States founded special research institutes to study the risk and reliability of aerospace, nuclear field and electronic systems. The application of risk research in water resources systems began at the end of the 1950s and increasing numbers of scholars have studied/been concerned the water resources system risk analysis of in the last 20-30 years. Scholars from China and elsewhere have undertaken much water risk research; water shortage and water pollution was discussed by Jinno (1995) , Ruan et al. (2005) , Ghosh and Mujumdar (2006) , Ma and Wang (2008) , Zhang et al. (2011) .
Study on a larger-scale of standardized water risk assessment is seldom seen. In 2012 the World Wide Fund for Nature (WWF), together with the German Investment and Development Co., Ltd (DEG), produced a method of water risk assessment, based on an evaluation index system including the national level, river basin level and enterprise level. This method has been applied in 85 countries, and about 25 000 enterprises. According to the evaluation index systems at the river basin level introduced by WWF, water risk assessment of China needs to link up with an international assessment index system, so making the results comparable worldwide. Also, water risk assessment needs to consider the national situation, such as water resources characteristics and information statistics modes, to make the assessment more feasible and results more credible. Therefore, this paper makes some adjustments to the assessment indexes and weights proposed by WWF, details the concepts behind some indexes and calculation methods, and puts forward a research method for water risk assessment in river basins in China, which is more suitable for the Chinese national situation and is able to reflect the true facts of a given basin.
WATER RISK ASSESSMENT FRAMEWORK
The definition of risk was discussed by Frank (1921) , Ye and Yi (2000) and Ding and Fang (2001) , Ben (2010) . WWF and DWG put forward the concept of water risk, that is, the potential waterrelated risk caused by the behaviour of natural factors and human activities. WWF put forward 19 assessment indexes for water risk: 12 are physical risk assessment indexes, four are regulatory risk assessment indexes and three are reputational risk assessment indexes. Physical risk refers to the quantity (scarcity and flooding) and quality (pollution) risk in the basin due to human activities and natural factors; Regulatory risk refers to the enforcement of water related management by government, including the coherence of regulations, the ability and fairness of enforcement of rules, etc. Reputational risk refers to the potential risk from negative public opinion, which is mainly reflected in water awareness promotion and education. The water risk evaluation index system for river basins in China was built according to the consistency and comparability principles, and considering the characteristics of water resources management and information statistics in China,. The number of water risk assessment indexes was reduced to 16: 10 are physical risk evaluation indexes, four are the regulatory risk evaluation indexes, and two are reputational risk evaluation indexes. These indexes characterize the water risk in terms of water quantity, water quality, hydropower, ecological environment, etc., take into account the effect of socio-economics and management, and comprehensively consider government functions and supervision by social media. The concepts and instructions for adjustment of the various indexes are described below.
Physical risk indexes adjustment
After adjustment, Physical risk assessment includes 10 indexes of four main categories: water resource shortage, water pollution discharge, aquatic ecosystem health and hydroelectric power dependence. The concept and instructions of adjustment for the indexes are introduced in Table 1 . The indexes of "Annual average monthly water scarcity (water footprint)", "Number of months per year water scarcity exceeding 100% in this river basin" and "Maximum rate of month water scarcity" were abandoned; "The annual average yearly water scarcity" is adopted to reflect the water scarcity in the river basin. The concept of "Impact of climate change", "Influence of drought", "Estimated occurrence of floods", "Water pollution discharge", and "Vulnerability of water ecosystems" are redefined with improvement of calculation methods of some indexes.
Among the physical risk assessment indexes, Water resources scarcity can be reflected by the unevenness of water resources distribution in both time and space, the frequency of extreme events, conflicts between supply and demand, and climate change. Ecosystem health can be reflected by freshwater biodiversity, water ecosystem security, safe drinking water and social activities pollution.
Regulatory risk indexes adjustment
Regulatory risk assessment includes four indexes. Table 2 describes the index concepts and instructions for adjustment.
Reputational risk indexes adjustment
There are 3 Reputational risk assessment indexes. Because of the influence of cultural differences, religion, language and ideology on international media, their perspective on water issues is different. This research adopts critical reports in the domestic media on possible water issues instead of reports in the local/national and the national/global media (Table 3) . Local/national media critical report on possible water issues Domestic media critical report on possible water issues
The research group collects the reports on water events in paper media, internet media to evaluate National/global media critical report on possible water issues
Weight adjustment
Considering the various factors that each index influences, each index is given a certain weight. Based on the weights given by WWF, the weights of the physical risk, regulatory risk and reputational risk are 55%, 35% and 10%, respectively. The subtype of each type has a sub weight. The weights of some indexes were readjusted accordingly from the WWF values (Table 4) . In physical risk, the weights of the internal index of the risk of water resources scarcity were readjusted. In reputational risk, as a result of combination of the original indexes, the weight for domestic media critical reports on possible water issues was changed to 85%.
Evaluation method
A variety of factors were considered to determine the critical values of classification for each index; the indexes were graded by means of a 5-grade and 5-score scale. Using the method given by WWF, the Weighted Comprehensive Index Summation Process is adopted to reflect the degree of the water risk in the region. The calculation is as follows:
R represents the water risk evaluation grade; fi represents the score of each evaluation index; and wi represents the weight coefficient of relative water risk for each index. The smaller the calculation result is, the smaller the degree of water risk and vice versa. The values range between 0 and 5.
CASE STUDY
Haihe River basin is the most seriously water-deficient area among the 10 Chinese primary water resources areas, with water per capita less than 300 m 3 . The total catchment area is 3.18 × 10 5 km 2 , the multiyear average rainfall is 535 mm; water resource amount is 3.7 × 10 10 m³ including annual runoff of 2.16 × 10 5 m³. Water risk in Haihe basin is assessed using the above theory. The research result of for Haihe basin is shown in the last column of Table 4 .
The risk grade of Haihe basin is class III, that is, a moderate risk area. The physical risk has a large influence on the water risk, 69%; the next in importance is regulatory risk, 20%. The score for physical risk is 3.59, the risk grade is class IV, that is, high risk. The contribution rate of water resources scarcity is relatively large, 53%. The score for regulatory risk is 1.54, and the risk grade is class II, that is, low risk. The contribution rate of enforcement of water related legal framework is relatively large at 35%. The score for reputational risk is 3.53 and the risk grade is class IV, that is, high risk. The contribution of domestic media critical reports on possible water issues is relatively large, 77%. The assessment result reflects the high intensity of human activities in Haihe basin. Measures must be taken to face the problems of water shortage, contradiction between the supply and requirement, water pollution and degeneration of ecological environment. 
CONCLUSION
After adjustment of the system of indexes and weights developed by WWF, the paper establishes a new indexing system and method for water risk assessment in river basins in China, which provides reference information for decision-makers. However, there are still some aspects that need to be detailed fully and improved:
1. Make further analyses of the science, rationality, adaptation and practicality of the water risk assessment index. There are a great many influencing factors in water risk assessment, thus it is imperative to perfect the water risk assessment index system and the computational method of the related indexes.
2. It is necessary to combine water risk assessment in river basins with enterprise risk assessment of the key industries to assist micro-decisions in the basin and micro-decisions for enterprise, which provide advice for industrial adjustment and strategic planning of the river basin or region.
3. Making water risk assessments regularly is required for dynamic water resources management and also research on policy analysis to mitigate water risk. Deep analysis of the causes of water risk, understanding of the relationship between water risk and water use patterns, economic development, economic structural adjustment and significant national planning, allow the proposal of the political suggestions to solve water risk so as to facilitate water risk management of a given basin.
